WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61F 2/06 



Al 



(11) International Publication Number: WO 99/53863 

(43) International Publication Date: 28 October 1999 (28.10.99) 



(21) International Application Number: PCT/US99/08343 

(22) International Filing Date: 16 April 1999 (16.04.99) 



(30) Priority Data: 
09/063,160 



20 April 1998 (20.04.98) 



US 



(71) Applicant: HEARTSTENT CORPORATION [US/US]; 601 

Campus Drive, St Paul. MN 551 12 (US). 

(72) Inventors: VANNEY, Guy, P.; 9809 Tyler Street, Blaine, MN 

55434 (US). ODLAND, Thomas, L.; 6367 Deerwood Lane, 
Lino Lakes, MN 55014 (US). SOLIEN, Eric, E.; 1450 West 
Mooney Drive, New Brighton, MN 55112 (US). 

(74) Agent: BRUESS, Steven, C; Merchant, Gould, Smith, Edell, 
Welter & Schmidt, P.A., 3100 Norwest Center, 90 South 
Seventh Street, Minneapolis, MN 55402-4131 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH, GM, HR, HU, ID, IL. IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO. NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZA, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, UG, 
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 17, 
TM), European patent (AT, BE, CH, CY, DE, DK, ES, FI, 
FR, GB, GR, EE, IT, LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report 



(54) Title: TRANSMYOCARDIAL IMPLANT PROCEDURE AND TOOLS 
(57) Abstract 

A blood flow path is formed from a heart chamber to a coronary 
vessel on an exterior surface of a heart wall. A hollow conduit has a vessel 
portion and a myocardial portion. The vessel portion has an open leading 
end sized to be inserted into the coronary vessel. The myocardial portion has 
an open leading end and the myocardium portion is sized to extend through 
a thickness of the heart wall. The myocardial portion is placed in the heart 
wall with the open leading end of the myocardial portion protruding into the 
heart chamber. Blood flow through the conduit from the heart chamber is 
at least partially blocked. The leading end of the vessel portion is placed in 
the coronary vessel. Blood flow throug the conduit from the heart chamber 
and into the vessel is men opened. 



510 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 




CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Sain t Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







4 



WO 99/53863 



PCT/US99/08343 



10 



TRANSMYOCARDIAL IMPLANT PROCEDURE AND TOOLS 

I. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention pertains to cardiac revascularization and more 
particularly to a procedure for cardiac revascularization and related tools for forming a 
blood flow path through a heart wall from a heart chamber to a coronary vessel. 



2. Description of the Prior Art 

Commonly assigned and co-pending U.S. Patent Application Serial No. 
08/882,397 filed June 25, 1997, entitled "Method and Apparatus for Performing 
Coronary Bypass Surgery", and filed in the name of inventors Mark B. Knudson and 

15 William L. Giese, teaches an implant for defining a blood flow conduit directly from a 
chamber of the heart to a lumen of a coronary vessel. The text of the '397 application 
has been published on February 25, 1998 in corresponding UK Patent Application GB 2 
316 322 A. An embodiment disclosed in the aforementioned application teaches an L- 
shaped implant in the form of a rigid conduit. The conduit has one leg sized to be 

20 received within a lumen of a coronary artery and a second leg sized to pass through the 
myocardium and extend into the left ventricle of the heart. As disclosed in the above- 
referenced application, the conduit is rigid and remains open for blood flow to pass 
through the conduit during both systole and diastole. The conduit penetrates into the 
left ventricle in order to prevent tissue growth and occlusions over an opening of the 

25 conduit. 

Commonly assigned and co-pending U.S. patent application Serial No. 
08/944,313 filed October 6, 1997, entitied "Transmyocardial Implant", and filed in the 
name of inventors Katherine S. Tweden, Guy P. Vanney and Thomas L. Odland, 
. teaches an implant such as that shown in the aforementioned 397 application with an 
30 enhanced fixation structure. One embodiment of the enhanced fixation structure 

includes a fabric surrounding at least a portion of the conduit to facilitate tissue growth 
on the exterior of the implant. 

Implants such as those shown in the aforementioned applications include a 
portion to be placed within a coronary vessel and a portion to be placed within the 
35 myocardium. When placing an implant in the myocardium, a hole is formed through 

the heart wall into the left ventricle. As a result, blood may flow out of the left ventricle 
through the formed hole or through the implant after insertion through the myocardium. 

1 
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In addition to undesirable blood loss, the uncontrolled flow of blood can obscure a 
surgeon's field of vision. 

When placing a portion of the implant in the coronary artery or other coronary 
vessel, the artery is incised by an amount sufficient to insert the implant. Preferably, the 
5 artery is ligated distal to an obstruction. A transverse incision is made through the 
artery distal to the ligation. Such an incision results in a contraction of the coronary 
vessel to a size substantially smaller than the implant. Therefore, it is difficult to insert 
the implant into the lumen of the coronary vessel. Such vessels are elastic and can be 
urged to an expanded shape sufficient to fit over the implant. However, due to the small 
10 size of the vessel, restricted space for manipulating surgical tools, and the importance of 
avoiding damage to the coronary vessel, such a manipulation of the vessel is difficult 
Also, it is desirable to be able to insert the implant within the vessel as rapidly as 
possible to minimize the amount of time during which blood flow through the vessel is 
interrupted. 

is n. 

SUMMARY OF THE INVENTION 
According to a preferred embodiment of the present invention, a method 
and related tools are disclosed for forming a blood flow path from a heart chamber to a 
coronary vessel at an exterior surface of a heart wall. The method includes selecting a 

20 hollow conduit having a vessel portion and a myocardial portion. The vessel portion 
has an open leading end sized to be inserted into the coronary vessel. The myocardial 
portion has an open leading end. The myocardium portion is sized to extend through a 
thickness of the heart wail. The myocardial portion is placed in the heart wall with the 
open leading end of the myocardial portion protruding into the heart chamber. Blood 

25 flow through the conduit from the heart chamber is at least partially blocked. Blood 
flow through the conduit from the heart chamber is opened. The leading end of the 
vessel portion is placed in the coronary vessel. The tools of the invention include 
sheaths for temporarily surrounding the vessel and myocardial portions of the implant. 
The sheaths facilitate placement of the implant and are removed over the implant 

30 following placement. 

in. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side elevation view of an implant for use with the present invention; 
Fig. 2 is a side cross-sectional view of the implant of Fig. 1; 
35 Fig. 3 is a side elevation view of a guide wire for use with the present invention; 

Fig. 4 is a side cross-sectional view of the guide wire of Fig. 3; 
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Fig. 5 is a side elevation view of a guide needle for use with the present 
invention; 

Fig. 6 is a side cross-sectional view of the guide needle of Fig. 5; 
Fig. 7 is a front elevation view of a myocardial sheath; 
5 Fig. 8 is a side elevation view of the myocardial sheath of Fig. 7; 

Fig. 9 is a side cross-sectional view of the myocardial sheath of Fig. 8; 

Fig. 9A is an end elevation view of a distal tip of the myocardial sheath of Fig. 

8; 

Fig. 10 is a side elevation view of a myocardial dilator; 
10 Fig. 1 1 is a side cross-sectional view of the myocardial dilator of Fig. 10; 

Fig. 12 is a side cross-sectional view of the myocardial dilator of Fig. 1 1 
containing the guide wire of Fig. 4 and with the myocardial dilator received within the 
myocardial sheath of Fig. 7; 

Fig. 13 is a side elevation view of a coronary vessel sheath; 
15 Fig. 14 is a front elevation view of the coronary vessel sheath of Fig. 13; 

Fig. 15 is a side cross-sectional view of the coronary vessel sheath of Fig. 13; 
Fig. 16 is a plan view of a coronary artery with an obstruction lying on an outer 
surface of a heart wall; 

Fig. 17 is a side sectional view of the coronary artery of Fig. 16 showing the 
20 artery, obstruction and a myocardium in cross-section; 

Fig. 18 is the view of Fig. 17 following placement of a guide needle of Fig. 5 
with the guide needle not shown in cross-section and with the coronary obstruction not 
shown for ease of illustration; 

Fig. 19 is a top plan view of Fig. 1 8 (and showing the coronary obstruction) with 
25 the guide needle shown in transverse cross-section at the heart wall surface; 

Fig. 20 is the view of Fig. 18 following placement of a guide wire through the 
guide needle; 

Fig. 21 is a top plan view of Fig. 20 with the guide wire and guide needle shown 
in transverse cross-section at the heart wall surface; 
30 Fig. 22 is the view of Fig. 20 following removal of the guide needle; 

Fig. 23 is a top plan view of Fig. 22 with the guide wire shown in transverse 
cross-section at the heart wall surface; 

Fig. 24 is the view of Fig. 22 showing placement of the myocardial dilator of 
Fig. 10 and the myocardial sheath of Fig. 18 on the guide wire and before insertion of 
35 the myocardial dilator and the myocardial sheath through the myocardium; 

Fig. 25 is the view of Fig. 24 following placement of the myocardial dilator and 
myocardial sheath through the myocardium; 

3 
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Fig. 26 is a top plan view of Fig. 25 with the guide wire, myocardial dilator and 
myocardial sheath shown in transverse cross-section at the heart wall surface; 

Fig. 27 is the view of Fig. 25 showing removal of the myocardial dilator and 
guide wire and leaving the myocardial sheath in the myocardium; 
5 Fig. 28 is a top plan view of Fig. 27 with the myocardial sheath shown in 

transverse cross-section at the heart wall surface; 

Fig. 29 is the view of Fig. 27 following complete removal of the myocardial 
dilator and guide wire and following placement of a myocardium portion of the 
transmyocardial implant of Fig. 1 within the myocardial sheath; 
10 Fig. 30 is a top plan view of Fig. 29 with the myocardial sheath shown in 

transverse cross-section at the heart wall surface; 

Fig. 31 is the view of Fig. 30 following incision of the artery and ligation of the 
artery distal to the obstruction; 

Fig. 32 is a side sectional view of Fig. 31 (without showing the implant and 
15 myocardial sheath) showing initial insertion of the coronary vessel sheath of Fig. 13 into 
the coronary artery; 

Fig. 33 is a side sectional view of Fig. 32 (without showing the implant and 
myocardial sheath) showing full insertion of the coronary vessel sheath of Fig. 13 into 
the coronary artery; 

20 Fig. 34 is a top plan view of Fig. 33 showing the implant and with the 

myocardial sheath shown in transverse cross-section at the heart wall surface; 

Fig. 35 is a side sectional view of Fig. 34 showing the implant and myocardial 
sheath (not shown in cross section) tilted for placement of a vessel portion of the 
implant within the coronary vessel sheath and, for ease of illustration, not showing a 
25 proximal portion of the artery; 

Fig. 36 is the view of Fig. 35 following ftill placement of the vessel portion of 
the implant within the coronary vessel sheath; 

Fig. 37 is the view of Fig. 36 following suture of the artery to the vessel portion 
of the implant and showing removal of the coronary vessel sheath; 
30 Fig. 38 is the view of Fig. 37 showing removal of the myocardial sheath; 

Fig. 39 is a top plan view of the elements of Fig. 38 following complete removal 
of the myocardial sheath; 

Fig. 40 is a side sectional schematic view showing an alternative procedure for 
measuring a myocardium thickness; 
35 Fig. 41 is a front elevation view of an alternative embodiment of a vessel sheath; 

Fig. 42 is a bottom plan view of the sheath of Fig. 41 ; 
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Fig. 43 is a top plan view of the sheath of Fig. 41 ; 

Fig. 44 is a view taken along line 44 - 44 in Fig. 41 ; and 

Fig. 45 is a view taken along line 45 - 45 in Fig. 41. 

5 IV. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the several drawing figures, in which identical elements are 
numbered identically throughout, a description of a preferred embodiment of the present 
invention will now be provided. Throughout the description, specific dimensions and 

10 materials of elements of the invention are given. Such specificity is presented to 

facilitate an understanding of the invention and is not intended to limit the scope of the 
claims appended hereto. For example, sizing of the elements is given to illustrate how 
the elements cooperatively fit together during the procedure of the invention. The 
procedure is described with reference to placement of a transmyocardial implant 1 0 

15 between a coronary artery 82 and a left ventricle 86. It will be appreciated the invention 
is applicable to the formation of a direct blood flow path between a heart chamber (left 
or right ventricle or atrium) and a coronary vessel (artery or vein). Further, vessel size 
and myocardium thickness vary throughout the heart. The size of the implant 10 will 
vary depending upon a vessel selected for a procedure and a myocardium thickness. 

20 Accordingly, the recited size of the elements of the invention will also vary to cooperate 
with the selected size of the implant 10 as will become apparent. 

The present invention relates to a novel implant procedure using, in part, novel 
tools for placing an implant 10 (Figs. 1 - 2). The tools in the kit include a guide needle 
200 (Figs. 5 - 6), a guide wire 100 (Figs. 3 - 4), a novel myocardial sheath 300 (Figs. 7 

25 9), a myocardial dilator 400 (Figs. 10-11) and a novel coronary vessel sheath 500 

(Figs. 13-15). A separate description of the implant 10 and all tools will be followed 
by a description of the procedure. 

A. IMPLANT DESCRIPTION 

30 With initial reference to Figs. 1 and 2, a conduit 10 is shown in the form of an 

L-shaped rigid tube. The conduit 10 may be formed of titanium or other rigid 
biocompatible material such as pyrolytic carbon or may be titanium coated with 
pyrolytic carbon or other anti-thrombotic material such as parylene. The material of 
the conduit 10 is preferably a rigid material in order to withstand contraction forces of 

35 the myocardium 84. By way of example, the implant 1 0 will have an outside diameter 
Do of about 3 millimeters and an internal diameter Di of about 2 millimeters to provide 
a wall thickness of about .5 millimeters. 
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The tube 10 has a first portion (or vessel end) 12 which is sized to be received 
within the lumen of a coronary vessel such as the lumen 80 of a coronary artery 82 
(Figs. 16-17). The conduit 10 has a second portion (or myocardial end) 14 extending 
at about a right angle to the axis of portion 12. The second portion 1 4 is sized to extend 
5 from the coronary artery 82 directly through the myocardium 84 and into the left 
ventricle 86 of a patient's heart The myocardial portion 14 is sized to have a length 
sufficient for the myocardial portion 14 to protrude into the left ventricle 86. 

The vessel end 12 has a first opening 16 and the myocardium end 14 has a 
second opening 18 in communication with an interior 20 of the implant 10. Therefore, 

10 blood can freely flow through the implant 10 between the left ventricle 86 and the 

lumen 80 of the coronary artery 82. By way of non-limiting example, the implant has a 
myocardial length (Lm) measured from vessel portion 12 to second opening 18 of about 
25 mm. The implant 10 has a vessel length (Lv) measured from myocardial portion 14 
to first opening 16 of about 6 mm. 

1 5 As illustrated in Figs. 1 and 2, a sleeve 22 surrounds the myocardial portion 14 

and spaced from second opening 18. Preferably, the sleeve 22 is formed of a fabric 
having biocompatible fibers defining interstitial spaces to receive tissue growth. An 
example of such a fabric is polyethylene terephthalate (such as polyester fabric sold by 
DuPont Company under the trademark Dacron). Such a fabric permits rapid tissue 

20 integration into the fabric to anchor the fabric and, hence, the implant 10 to the patient's 
tissue. 

The vessel portion 12 is secured in place by means of a reduced-diameter 
groove 24 formed adjacent the first end 16. With the reduced-diameter groove 24, a 
surgeon can place sutures 70 (Fig. 37) surrounding the coronary artery 82 to secure 
25 coronary artery immobilized at the groove 24 as will be described. 

The foregoing description with reference to Figs. 1 and 2 is provided for 
illustration and is more thoroughly described in the aforementioned application entitled 
"Transmyocardial Implant". 

30 B. TOOLS DESCRIPTION 
1. Guide Needle 

Shown separately in Figs. 5 - 6, the guide needle 200 is a commercially 
available item. The needle 200 has a stainless steel construction and has a uniform 
diameter needle body 206 extending from a handle 202 to a blunt distal tip 204. The 
35 needle body 206 has an in outside diameter of 1 .8 mm. The distance (Ln) from the 
handle 202 to the tip 204 is 8.8 cm. 
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The needle 200 has an axial ly extending bore 208 (1.2 mm diameter) which 
extends axialiy through the handle 202 but terminates a distance (Lj)of 3.5 mm from 
the distal tip 204. At such location, the bore 208 has a side-extending portion 210 
extending through the side of the needle body 206. The needle body 206 may include 
5 gradation markings (not shown) to provide a visual indication of depth of penetration. 

2. Guide Wire 

Shown separately in Figs. 3 - 4, the guide wire 100 has a uniform outside 
diameter of 0.9 mm along its length for the wire 100 to be slidably received within the 

10 bore 208 of the needle 200. Preferably, the wire 100 is formed of a coil construction 
customary in catheter guide wire construction. Such a construction permits the distal 
tip 102 of the guide wire 100 to be pre-bent as illustrated in Figs. 3-4. The coil 
construction results in the bent end 102 being easily straightened but resilient to be 
biased to the bent shape. Accordingly, as the guide wire 100 is advanced through the 

15 guide needle 200, the bent tip 102 is biased to extend through the hole 2 1 0 in the side 
of the needle 200. 

3. Myocardial Sheath 

Shown separately in Figs. 7-9 and 9A, the myocardial sheath 300 has a plastic 
20 (e.g., polytetrafluoroethylene) hollow cylindrical body 302 terminating at a hollow 
conical distal tip 304. The body 302 has an attached proximal handle 306 to permit 
grasping by a surgeon. 

The cylindrical body 302 has an axial length (Lm S ) of 35.6 mm and an outer 
diameter (D M s) of 4.9 mm. The conical tip 304 has an axial length (L M sT)of 1 3 mm. 
25 The apex of the tip 304 can be closed (not shown) or, more preferably, provided with a 
through-hole 308 (shown best in Fig. 9A) equal in size to the diameter of the guide wire 
100. 

The material of the body 302 and tip 304 has a wall thickness of 0.25 mm. The 
inside diameter of the body 302 is slightly less than the outside diameter of the sleeve 

30 22 of the implant 10. Therefore, after placement of the myocardial portion 14 of the 
implant 10 within the myocardial sheath 300, as will be described, the sleeve 22 acts as 
a gasket to seal against the interior surface of the body 302 to prevent blood flow 
between the sheath 300 and the implant 10. 

The body 302 and tip 304 have an axialiy extending part-line 310 on a side of 

35 the body 302 opposite handle 306. The part-line 310 may be a score partially or totally 
through the wall thickness or perforations through the wall thickness. The part-line 
310 permits the sheath 300 to be split open along its axial length. The body 302 and tip 
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304 are flexible to spread apart at the part-line 3 10 by a separation sufficient to pass the 
sheath 300 over the implant 10 as will be described. 

4. Myocardial Dilator 

5 Shown separately in Figs. 10 - 1 1, the myocardial dilator 400 is a commercially 

available item. The dilator 400 is plastic construction having a constant diameter body 
402 extending between a proximal handle 404 and a tapered conical distal tip 406. The 
dilator 400 is sufficiently stiff to permit the dilator 400 to be urged through the 
myocardium 84 without deformation of the dilator 400. 

10 The body 402 of the dilator is cylindrical with a 4.1 mm outer diameter (i.e., 

approximate to the interior diameter of the body 302 of the myocardial sheath 300). 
The dilator body 402 has a length (LD) of 191 nun and the conical tip 406 has a length 
(LDT) of 12.7 mm. The external geometry of the cylindrical body 402 and conical tip 
406 are complementary to the internal geometry of the myocardial sheath 300 for the 

15 dilator 400 to be received within the sheath 300 as illustrated in Fig. 12. The dilator 
400 is hollow to present an internal bore 408 extending axially through both the handle 
404 and the distal tip 406. The bore 408 is sized to pass the guide wire 100 as shown in 
Fig. 12. 

20 5. Coronary Vessel Sheath 

Shown separately in Figs. 13 - 15, the coronary vessel sheath 500 includes a 
sheath body 502 secured to a handle 504. The sheath body 502 includes a cylindrical 
portion 506 and a tapered frusto-conical portion 508. The handle 504 extends radially 
away from a side of the cylindrical portion 506 at an axial end of the cylindrical portion 

25 506. 

The cylindrical portion 506 and the tapered portion 508 are molded from a 
flexible material such as polyethylene. The cylindrical portion 506 has an outer 
diameter of 3.7 mm and an axial length (L V s) of 5 mm. The tapered portion 508 has an 
axial length (LvsiOof 3.5 mm and an outer diameter (DvsiOof 1 .0 mm at a leading end 

30 510. Both of the cylindrical portion 506 and the tapered portion 508 have a wall 
thickness of .25 mm and have an open leading 510 and an open trailing end 512. 

Both of the cylindrical portion 506 and the tapered portion 508 have an axially 
extending part-line 514 on a side of the sheath body 502 opposite the handle 504. The 
part-line 514 may be a score partially or totally through the wall thickness or 

35 perforations through the wall thickness. The part-line 514 permits the sheath body 502 
to be split open along its axial length. 
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The trailing end axial opening 512 has an internal diameter of 3.2 mm to permit 
insertion of the first end 16 of the vessel portion 12 of the implant 10. The outer 
diameter (Dvsi)of the leading end 510 is sized for ease of insertion into an incised 
coronary vessel 82. 

5 

C PROCEDURE 

The procedure of the present invention is illustrated in Figs. 16-39. Fig. 16 is 
a plan view of an exterior surface 90 of a heart wall 84 with a coronary vessel 82 lying 
on the surface 90. A lumen 80 of the vessel 82 is shown in phantom lines. The present 

10 procedure and tools are applicable for use in a wide number of coronary vessels. For 
ease of discussion, the invention will be described with reference to vessel 82 being a 
coronary artery (e.g., LAD) on the left side of the heart overlying a left ventricle 86. 
Normal blood flow through the artery 82 is in the direction of arrow A. Such blood flow 
is at least partially obstructed by an occlusion 88. Fig. 17 is a cross-sectional view of 

15 Fig. 16 showing the interior surface 92 of the heart wall (i.e., myocardium 84) and the 
left ventricle 86. 

In one method of placing the vessel end 12 into the artery 82, an incision is 
made along a length of an upper surface of the artery 82. The portion of the artery 82 
proximal to the incision is closed by sutures. 

20 The process of incising the artery 82 results in contraction of the artery 82 to a 

reduced diameter. For example, an artery 82 such as the left anterior descending artery 
(LAD) may contract down to .5 mm. This is smaller than the diameter of the leading 
end 16 of the implant 10. The artery 82 is elastic and may be expanded to an enlarged 
expanded diameter (e.g., 4-5 mm). However, it is difficult to manipulate tools to 

25 expand the artery 82 due to the limited space available in which to work. Further, such 
manipulation can be time-consuming and it is desirable to reduce the amount of time 
that blood flow through the artery 82 is interrupted. Also, it may be desirable to first 
place the myocardium portion 14 of the implant 10 through the myocardium 84 before 
inserting the vessel portion 12 of the implant 10 into the artery 82. In beating heart 

30 operations, such a sequence of procedures can result in blood ejecting from opening 16 
of the implant 10. This would obscure vision and otherwise makes the insertion 
procedure more difficult. 

The method of the present invention utilizes the above-described tools of the 
invention to place an implant 10 rapidly with minimal blood loss and with reduced 

35 likelihood of damage to the coronary vessel 82. 
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1. Placement of Implant in Myocardium 

sl Measurement of Myocardial Thickness 

A surgeon places the distal tip 204 of guide needle 200 through the myocardium 
84 at a location about 3.5 mm transverse to the axis of the artery 82 (Figs. 18 - 19). 
5 When the side opening 2 1 0 of the needle 200 passes the inner surface 92 of the 
myocardium 84, blood flow through the needle 200 indicates the needle 200 has 
penetrated into the left ventricle 86. By observing external gradation marks (not shown) 
on the needle 200, the surgeon can confirm the thickness of the myocardium 84 and 
select an implant 10 with a myocardial portion 14 of sufficient length to penetrate into 

10 the left ventricle 86 following completion of the procedure. The size of the artery 82 is 
observed to select an implant 1 0 of adequate diameter for the vessel portion 12 of the 
implant 1 0 to be placed in the artery 82. 

Fig. 40 illustrates an alternative tool and method for measuring myocardial 
thickness. In Fig. 40, the needle 200 is fitted with a hollow, flexible tube 201 at 

15 proximal end 202. An opposite end of the tube 201 is fitted to a pressure transducer PT. 
The pressure transducer PT is connected across a signal path 203 to a visual output 205 
(such as a CRT). It will be appreciated that pressure transducers PT, visual outputs 205, 
signal paths 203 and connection of fluid filled tubes 201 to transducers PT are all well- 
known and hence shown schematically for purpose of ease of illustration. 

20 The tube 201 and needle 200 are filled will a liquid 207 (preferably a saline 

solution). Since needle 200 is only open at opening 210, the liquid 207 is retained in 
the tube 201 and needle 200. When the needle 200 is passed through the myocardium 
84, the opening 210 permits the liquid 207 to be subject to pressure variations in the left 
ventricle 86. The pressure variations are transferred by the liquid 207 to the pressure 

25 transducer PT. The pressure transducer PT generates a signal in response to the 

pressure variations and transmits the signal across path 203 to output 205. At output 
205, a visual signal 209 is generated representing the pressure in the left ventricle 86 
and advising the surgeon the opening 210 has penetrated into the left ventricle 86. 

30 b. Placement of Myocardial Sheath 

The guide wire 100 is passed through the needle 200 by straightening the tip 
102 and inserting the tip 102 into the bore 208 through the handle 202 of the needle 
200. As the guide wire 100 is passed through the needle 200, the resiliently biased tip 
102 is urged out of the needle's side opening 210 (Figs. 20-21). The guide needle 200 

35 is then removed over the guide wire 100 leaving only the guide wire 100 extending 
through the thickness of the myocardium 84 (Figs. 22 - 23). 
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The distal tip 406 of the dilator 400 is placed within the conical tip 304 of the 
myocardial sheath 300. The hole 308 at the tip 304 of the sheath 300 and the bore 408 
of the dilator 400 are passed over the guide wire 100 (Fig. 24). With the guide wire 100 
insuring desired positioning, the combined myocardial sheath 300 and dilator 400 are 
5 urged through the myocardium 84 (Figs. 25 - 26). The combined myocardial sheath 
300 and dilator 400 urge the tissue of the myocardium 84 apart to form an opening 
through the myocardium 84 sufficient to pass the myocardial portion 14 of the implant 
10. The stiff dilator 400 prevents deformation to the myocardial sheath 300. The 
sheath 300 is positioned with its part-line 310 facing distally from the obstruction. 

1 0 The dilator 400 and guide wire 100 are removed leaving only the myocardial 

sheath 300 extending through the myocardium 84 (Figs. 27 - 28). Since the distal tip 
304 of the myocardial sheath 300 has a through-hole 308, blood will pass from the left 
ventricle 86 into the myocardial sheath 300 indicating to the surgeon that the sheath 300 
is properly extending into the left ventricle 86. The small diameter through-hole 308 

1 5 restricts blood flow so that only a small amount of blood enters the sheath 300 so as to 
avoid obstruction to the surgeon's field of vision. In the event a small amount of blood 
flow is not desired, the through-hole 308 can be provided with a resilient flap (not 
shown) so that the through-hole 308 closes when the guide wire 100 is removed. 

20 c. Placement of Implant in Myocardial Sheath 

The myocardial portion 14 of the implant 10 is placed within the myocardial 
sheath 300 (Figs. 29 - 30). The outside diameter of the fabric sleeve 22 closely 
matches the internal diameter of the sheath body 302. Therefore, the implant 10 is 
snugly received within the sheath 300. As a result, any blood which might flow through 

25 the through-hole 308 will flow into the implant 10 and not around the outside of the 
implant 10. Although not shown, a clamped transparent tube could be connected to the 
first end 16 of the vessel portion 12 of the implant 10. Such a tube prevents blood loss 
through the implant 10 and permits the implant 10 to be primed with blood prior to 
placement of the vessel portion 12 of the implant 10 in the artery 82. 

30 The present invention is illustrated with the myocardial sheath 300 left in place 

until the end of the procedure as will be discussed with reference to Fig. 38. In the 
event a clamped tube is used as discussed above, the myocardial sheath 300 can be 
removed at this point in the procedure. 

35 1. Placement of Implant in Artery 

a. Ligation and Incision of Artery 
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The artery 82 is ligated with sutures 72 distal to the obstruction 88 and 
transversely incised at an incision 74 distal to the ligation (Fig. 31). The incision 74 
separates the artery 82 into a proximal portion 82a and a distal portion 82b. The distal 
portion 82b presents an arterial opening 83 at the incision 74. 
5 In the figures, the incision 74 is shown extending transverse to the artery 82 and 

completely through the artery 82. Such an incision 74 is shown for ease of illustration. 
In practice, the surgeon may elect to form incision 74 only partly through (e.g., 50%) 
the artery 82 and further forming a longitudinal incision on the top of the distal portion 
82b of the artery 82 to provide a flap-opening to the distal portion 82b of the artery 82. 

10 

b. Placement of Vessel Sheath in Artery 

The leading end 51 0 of the vessel sheath 500 is placed within the incised 
opening 83 of the distal portion 82b of the artery 82 (Fig. 32). Due to the taper 508 of 
the vessel sheath 500, the vessel sheath 500 can be placed in a small diameter artery 82 
1 5 and urged into the artery 82 with the artery 82 dilated over the cylindrical body 506 of 
the vessel sheath 500 (Figs. 33 - 34). The part-line 514 faces the floor of the artery 82. 

Although not shown, a rigid dilator could be used to assist placement of the 
vessel sheath 500. Similar to myocardial dilator 400, such a vessel dilator would have a 
rigid tapered plastic tip secured to a handle. The tip would be passed through the sheath 
20 body 502 with the tip protruding beyond the open leading end 5 1 0 of the sheath 500. 

Preferably, the outer diameter of the vessel dilator will closely conform to the 
inner diameter of the vessel sheath body 502 to provide structural support of the sheath 
body 502. The protruding tapered tip of the dilator is smaller in diameter than the 
sheath end 510 thereby facilitating placing in a small artery. The vessel dilator is 
25 removed following placement of the vessel sheath 500. 

c. Placement of Implant in Vessel Sheath 

With the vessel sheath 500 fully inserted into the artery 82, the implant 10 and 
myocardial sheath 300 can be manipulated to align the open end 16 of the vessel portion 

30 12 of the implant 10 with the open trailing end 512 of the vessel sheath 500. Since the 
myocardium 84 is a pliable tissue, the implant 10 and myocardial sheath 300 can easily 
be manipulated (such as tilted) to effect such alignment (Fig. 35). Since the myocardial 
sheath 300 is very flexible, such manipulation is preferably performed with a rigid tool 
(e.g., a releasable clamp) secured to the vessel portion 12 of the implant 10. 

35 The open end 16 of the vessel portion 12 of the implant 10 is passed through the 

open trailing end 512 of the vessel sheath 500. The vessel portion 12 is advanced into 
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the vessel sheath body 502 at least as far as the start of the tapered portion 508 of the 
vessel sheath 500 (Fig. 36). 

In the event a clamped tube has been placed on the open end 16 of the vessel 
portion 12 of the implant 10 (as previously described), the tube is removed prior to 
5 insertion of the vessel portion 12 into the vessel sheath 500. The removal of the tube 
results in blood flowing out of the implant 10. The open trailing end 5 12 of the vessel 
sheath 500 presents a large target area for a surgeon and avoids a surgeon being unable 
to place the implant 10 due to visual obstruction resulting from such blood flow. 

The open leading end 510 of the vessel sheath 500 permits blood flow from the 
1 0 implant 1 0 into the artery 82 immediately upon placement of the implant 1 0 in the 
vessel sheath 500. Therefore, flow of blood continues through the artery 82 while the 
remainder of the procedure is taking place. Blood flow distal to the obstruction 88 is 
interrupted for only a short period following the ligation and incision of the artery 82 
since the vessel sheath 500 can be placed quickly. 
15 Figs. 41-45 illustrate an alternative vessel sheath 500' to facilitate placement 

of the implant end 16 into the sheath 500'. Elements in common between sheath 500* 
and sheath 500 are numbered identically with the addition of an apostrophe to 
distinguish the embodiments. Such elements are not separately described. 

The tapered leading end 508* of sheath 500' has a score line 514' partially cut 
20 through the tapered end 508' and cylindrical body 506' serving the purpose of part-line 
514 of sheath 500. Additionally, score lines 515 ! are partially cut through the tapered 
leading end 508'. The score lines 515' are placed at 90* intervals about the axis of the 
tapered end 508*. So cut, the tapered leading end 508' flares open during removal. The 
trailing end 512 ! is provided with an enlarged cone 517 to act as a funnel to guide the 
25 implant into the cylindrical body 506'. The cone 517 is open at the bottom (illustrated 
by bevel cut 51 9 1 ) so a surgeon can easily place the implant within the cone 517. 

d. Removal of Vessel and Myocardial Sheaths 

The artery 82 is secured to the vessel portion 12 of the implant by sutures 70 
30 surrounding the artery 82 in overlying relation to the groove 24 (Fig. 37). The surgeon 
grasps the handle 504 of the vessel sheath 500 and pulls the sheath body 502 over the 
implant 10. The vessel sheath body 502 splits open at its part-line 514 and the wall of 
the vessel sheath body 502 flexes open to permit the sheath body 502 to clear the 
implant 10 leaving only the vessel portion 12 of the implant 10 within the artery 82. 
35 Sutures 70 are placed following removal of the vessel sheath 500. The removal of the 
vessel sheath body 502 further acts to draw the artery 82 over the vessel portion 12 of 
the implant 10. 
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The surgeon grasps the handle 306 of the myocardial sheath 300 and pulls the 
sheath 300 out of the myocardium 84 (Figs. 38 - 39). The myocardial sheath 300 splits 
open at its part-line 310 and the wall of the myocardial sheath 300 flexes open to 
permit the sheath 300 to clear the implant 10 leaving only the myocardial portion 14 
5 and sleeve 22 of the implant 10 within the myocardium 84. Since the myocardial 

portion 14 is placed in a hole in the myocardium 84 formed by the dilator 400, the tissue 
of the myocardium 84 is biased to urge against the implant 10 holding it in place. 
Subsequent tissue growth into the sleeve 22 further secures the implant 10 within the 
myocardium. 

10 In the foregoing description, the invention has been shown in a preferred 

embodiment. The invention permits quick placement of the implant 10 while 
minimizing time during which blood is not flowing through the artery 82. The method 
and tools reduce uncontrolled blood flow which would otherwise obscure a surgeon's 
vision and reduce likelihood of damage to the artery 82. Modifications and equivalents 

15 of the disclosed concepts are intended to be included within the scope of the claims. 
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What is claimed is: 

1 . An apparatus for placing a myocardial portion of a transmyocardial 
implant into a myocardium where the myocardial portion is a hollow tubular member 

5 having an axial length greater than a thickness of the myocardium at an implant site and 
the tubular member further includes an external geometry of predetermined dimensions 
and the tubular member terminates at an open end, the apparatus comprising: 

a myocardial sheath having a generally hollow cylindrical body with a 
cylindrical wall, the sheath further having a tapered leading end; the cylindrical wall 
1 0 sized to surround and engage the external geometry of the tubular member with the 
tapered leading end closing the open end of the tubular member; 

the cylindrical wall and tapered leading end having an axially extending part 
line for the cylindrical wall and tapered leading end to split open and pass over the 
tubular member. 

15 

2. An apparatus according to claim 1 wherein the cylindrical wall and 
tapered leading end are scored at said part line. 

3. An apparatus according to claim 1 wherein said tapered leading end is 
20 open at a terminal end. 

4. An apparatus according to claim 1 further comprising a dilator rod sized 
to be received with the sheath. 

25 5. An apparatus for placing a coronary portion of a transmyocardial 

implant into an incised coronary vessel where the coronary portion is a hollow tubular 
member having a diameter greater than a rest diameter of the vessel at rest and smaller 
than a stretched diameter of the vessel, the tubular member terminates at an open end, 
the apparatus comprising: 

30 a vessel sheath having a generally hollow cylindrical body with a cylindrical 

wall; the cylindrical wall sized to surround and engage the tubular member; the 
cylindrical wall having an axially extending part line for the cylindrical wall to split 
open and pass over the tubular member. 

35 6. An apparatus according to claim 5 wherein the vessel sheath has a 

tapered leading end smaller than the rest diameter and said tapered leading end includes 
a part line for the tapered leading end to split over the tubular member. 
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7. A method for forming a blood flow path from a heart chamber to a 
coronary vessel on an exterior surface of a heart wall, the method comprising: 

selecting a hollow conduit having a vessel portion and a myocardial portion, the 
5 vessel portion having an open leading end sized to be inserted into the coronary vessel, 
the myocardial portion having an open leading end and the myocardium portion being 
sized to extend through a thickness of the heart wall; 

placing the myocardial portion in the heart wall with the open leading end of the 
myocardial portion protruding into the heart chamber while at least partially blocking 
1 0 flow of blood through the conduit from the heart chamber; 

placing the leading end of the vessel portion in the coronary vessel; opening 
blood flow through the conduit from the heart chamber and into the vessel. 

8. A method according to claim 7 the coronary vessel is a coronary artery 
1 5 having an occlusion, the method further comprising: 

identifying a site on said artery distal to said occlusion; 

the placing of the myocardial portion being in the heart wall adjacent to the 
artery at the site; 

ligating the artery distal to the site; 
20 incising the artery distal to a ligation of the artery to form an access opening 

into the artery; 

the placing of the leading end of the vessel portion being in the access opening. 



9. A method according to claim 8 wherein the placing of the myocardial 
25 portion being in the heart wall adjacent to the artery at the site and laterally offset from 
the coronary artery. 



1 0. A method according to claim 7 wherein the placing of the leading end of 
the vessel portion includes: 
30 placing a vessel sheath in the vessel with the sheath having an opening sized to 

receive the leading end of the vessel portion; 

placing the leading end of the vessel portion within the vessel sheath; removing 
the vessel sheath while leaving the leading end of the vessel portion within the vessel. 

35 11. A method according to claim 1 0 wherein the vessel sheath has a main 

portion sized to receive the leading end of the vessel portion and the vessel sheath has a 
leading end smaller than the main portion, the placing of the vessel sheath including 
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placing the leading end of the vessel sheath into the vessel and advancing the vessel 
sheath into the vessel to dilate the vessel as the main portion of the vessel sheath is 
advanced into the vessel. 

5 12. A method according to claim 1 0 wherein the vessel sheath is configured 

to substantially surround the leading end of the vessel portion when the vessel portion is 
inserted into the vessel sheath and the vessel sheath includes a part line along a length 
of the vessel sheath, the removing of the vessel sheath including retracting the vessel 
sheath by urging the vessel sheath out of the vessel and away from the vessel portion 
10 with the vessel sheath separating at the part line to clear the vessel portion. 

13. A method according to claim 7 wherein the placing of the myocardial 
portion includes: 

placing a myocardial sheath in the heart wall with the myocardial portion placed 
15 within the myocardial sheath and with the myocardial sheath and myocardial portion 
extending through the thickness of the heart wall; 

removing the myocardial sheath while leaving the myocardial portion within the 
heart wall. 

20 14. A method according to claim 1 3 wherein the blocking of the blood flow 

is provided by the myocardial sheath at least partially covering the leading end of the 
myocardial portion. 

15. A method according to claim 14 wherein the myocardial sheath is 

25 configured to substantially surround the myocardial portion and the myocardial sheath 
includes a part line along a length of the myocardial sheath, the removing of the 
myocardial sheath including retracting the myocardial sheath by urging the myocardial 
sheath out of the heart wall with the myocardial sheath separating at the part line to 
clear the conduit. 

30 

16. A method according to claim 13 wherein the myocardial sheath and 
myocardial portion are placed in the heart wall by first placing the myocardial sheath in 
the heart wall and extending into the heart chamber and subsequently placing the 
myocardial portion into the myocardial sheath. 

35 

17. A method according to claim 1 6 wherein the myocardial is placed in the 
heart wall by placing a dilator in the myocardial sheath and advancing the myocardial 
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sheath and dilator into the heart wall for the myocardial sheath to penetrate into the 
heart chamber and subsequently removing the dilator. 

18. A method according to claim 7 wherein said opening of blood flow 
5 occurs before the placing of the leading end of the vessel portion in the coronary vessel. 
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